This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



BLACK BORDERS 

TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT 
ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 
COLORED PHOTOS 

BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



ttJRRKcTEU 
«VEKSIC)N * 



."> .'.55. 'etcivmg Office 



E05B 49/00 ! (I,,,n,e ™'°»«^^ w5~92^iiT 

30 April 1992(30.04.92) i 



(21) ImemationalApplic a , ionNllmber: 

(22) International Filing Dale: 



^ (11) International Publication N„ moer; 
| W) Inter national Publication Date: 



I HO) Priority data- 
596.210 



* r/US9 '^48. ' (8I) Des|gMted Staf ^~ " 

lOOctober 1991 (| 0 1091) pean P a ' e "«>. BR. C.\ OWE^i™ 0 - AV ' BE ' E «"°- 1 
"•'"■»') ropean patent). DK tEurmi™ PMn pa,en,) - DE (Eu- 
natenti cd ,r ... ^ European natenr) PC /c : u I 



II Ociober 1990(11.10.90) 



I (72) Inventor: CHHATW'AL kTn c . 

Orive. West McIH^'fl (bj? 5 Sn °^ E * r * 

<74)Aj;ent: WANDS* Charier F • p 

Len ;i h n & McKeown oV(, E bS c' ands ' Edward * 
306. Palm Bay. FL 32W OB) NE * Suile 



F-«cni; % UK. C-\ CH /Pi>^ w " oc I euro- 
ropean patent). DK f Eumii™ P " palenl) ' DE (Eu- 
Patent), FR (Europ^S" ^eL" < Eur ° pean I 
GR (European patent). rTTFMron.i r ° pean P a!e ™)J 
(European patent). ML Euron^ " pa ' en ^ JP < LU J 
Pean patent). European patent). SE (Euro- 

Published 

claims and ^S^S^^J^ f « r ******* the 
amendments. ' Wtrf "' thv «ww of the receipt of 



KEY SYSTEM 



(57) Abstract 

.mi ^ e,ec,ron «c kev 
(-0) and lock system (40) f s 
unable for a variety of sole*, 
j no,d.operated ( 14) | ocks 
j su cn a < mortise locks (Hj 
I and cylindrical locks (40, 
j An e««ronic key can be 
| conl lfIU rcd to operate onlv 
•^eeironicallv or also me". 

\ C t t ntC f y ^ ke > -on- 
: «ains electronics which are 
externally pouered and IR 

! 132. 33) which com- 

i municaie uith IR devices 

j ;« a /^kc>-Hnder:oaciu a ie 
"je locking mechanism. A 
Plague housing C 25) r or the 
K y>' electronics and IR de- 
■ y«s is produced in one 
Piece to he moiMure proof 
« • a "wMing process A 
i native contact (30) for 
; electrical communication 
"V ; » Pouer source is pro- 
\'<ied along the kev blade 
either Hush uith the blade 




20 




Mil-face or ru,s 0 d therefrom. A cvlinder r4m 

spnne contact arms (44) and lol-b^^^ f ° r e * am P» 

njlhfr > ^rninc lii>h» M n 



-n,n g • igh t ( L B) jo! ned 'to 1 ea dhri res°of ^ * -»de 

°' J P' n connector (56) 



of phi 



with 



•11 ii. 



asl, c and have 
1 Press fit. 



BEST AVAILABLE COPY 



per 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCI) 



(51) International Patent Classification 5 
E05B 49/00 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 92/07156 

30 April 1992(30.04.92) 



(21) International Application Number: - PCT/US9 1/07481 

(22) International Filing Date: 10 October 1991 (10.10.91) 



(30) Priority data: 
596,210 



1 1 October 1990 (1 1.10.90) US 



(71) Applicant: INTELLIKE Y CORPORATION [US/US1: 100 

Rialto Place, Suite 530, Melbourne, FL 32901 (US). 

(72) Inventor: CHHATWAL, Kn, Singh ; 4095 Snowy Egret 

Drive, West Melbourne, FL 32904 (US). 

(74) Agent: WANDS, Charles, K; Evenson, Wands, Edwards, 
Lenahan & McKeown, 5240 Baboock Street, NE, Suite 
306, Palm Bay, FL 32905 (US). 



(81) Designated States: AT (European patent), AU, BE (Euro- 
pean patent), BR, CA, CH (European patent), DE (Eu- 
«a£f a £ W£ DK ( Euro P ean Patent), ES (European 
patent), FR (European patent), GB (European patent), 
GR (European patent), IT (European patent), JP, LU 
(European patent), NL (European patent), SE (Euro- 
pean patent). v 

Published 

With international searcJi report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: ELECTRONIC LOCK AND KEY SYSTEM 



(57) Abstract 

An electronic key 
(20) and lock system (40) is 
usable for a variety of sole- 
noid-operated (14) locks 
such as mortise locks (13) 
and cylindrical locks (40). 
An electronic key can be 
configured to operate only 
electronically or also me- 
chanically. The key con- 
tains electronics which are 
externally powered and IR 
devices (32, 33) which com- 
municate with IR devices 
in a lock cylinder to actuate 
the locking mechanism. A 
plastic f<o,rcing (25) for the 
key electronics and IR de- 
vices is, produced in one 
piece to be moisture proof 
by a molding process. A 
positive contact (30) for 
electrical communication 
to a power source is pro- 
vided along the key blade 
either flush with the blade 

surface or raised therefrom. A cylinder (40) inserted, for example, in a door with a mortise lock, can be made of nlastic and h™. 
leaf spring contact arms (44) and a low-battery warning light (LB) joined to lead win* of a p^ 




FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the from pages of pamphlets publishing international 
applications under the PCT. r * 



AT 


Austria 


AU 


Australia 


BB 


Barbados 


BE 


Belgium 


BF 


Burkina Fa*0 


BC 


Bulgaria 


BJ 


Benin 


BR 


Bra/U 


CA 


Canada 


CF 


Central African Republic 


CG 


Congo 


CH 


Switzerland 


CJ 


Cote d'lvoirc 


CM 


Oameroon 


CS 


CarLhoslovaib 


DE* 


Germany 


DK 


Denmark 



ES 


Spain 


Fl 


Finland 


FR 


Franec 


CA 


Gabon 


GB 


United Kingdom 


GN 


Guinea 


GR 


Greece 


HU 


Hungary 


IT 


JLaJy 


JP 


Japan 


KP 


Democratic People's Republic 




of Korea 


KR 


Republic of Korea 


LI 


Liechtenstein 


LK 


Sri Lanka 


LU 


Luxembourg 


MC 


Monaco 



MC 


Madagascar 


ML 


Mali 


MN 


Mongolia 


MR 


Mauritania 


MW 


Malawi 


NL 


Netherlands 


NO 


Norway 


PL 


Poland 


RO 


Romania 


so 


Sudan 


St 


Sweden 


SN 


Senegal * 


su* 


Soviet Union 


TO 


Chad 


TG 


Togo 


US 


United States of America 



+ Any designation of "SU" has effect in the Russian Federation. It is not yet .known whether 
any such designation has effect in other States of the former Soviet Union. 



WO 92/07156 



PCT/US91/07481 



1 

■ ELECTRONIC LOCK AND KEY SV? TE!M 
CROSS-R EFERENCE TO REIATED APPLICATION 

This application is related to an application 
entitled ELECTRONIC LOCK AND KEY SYSTEM, filed on even 
date in the name of Dr. Christopher W. Malinowski, et 
al., the contents of which are incorporated by reference 
herein to the extent necessary. 



BACKGROUND AND SUMMARY O P THE INVENTION 

The present invention relates to a new electronic 
key and cylinder system and method and, more 
particularly, to a system and method which can be 
employed with standard mortise locks and cylinder locks. 
An electronic key which incorporates electronics and IR 
devices for communicating with lock electronics for 
authorization and access to actuate the lock are provided 
in a moisture impervious housing on the key. 

A major problem which results in thefts is that 
doors are left unlocked, and unauthorized duplicates and 
copies of duplicates of master keys are in the hands of 
many people which allows quick entry to and access from 
.rooms and buildings. The degree of key control is 
limited by the type of cylinders and keys used. Any new 
keying system must include key control. Sophisticated 
lock cylinders are believed to have advantages because 
they cannot be readily compromised by the use of standard 
key blanks available to any professional locksmith or 
even a hardware store. 

Solutions to date have included products with an 
interchangeable core or conventional cylinders with 
restricted keyways, mechanical high-security lock 
cylinders and electronically reprogrammable access 
control system using keys or cards. The latter have been 
used in connection, for example, with electronic products 
such as radar warning devices to limit access to the 
rightful owner. Cincinnati Microwave offers such a 
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"Digital Key" feature in connection with its- "ESCORT" and 
"SOLO" -brand radar detectors. 

Electronic key locks are generally known as shown in 
U.S. Patent No* 3,688,269, in which a key blade has an 
array of holes and non-holes, with each row of holes 
representing a coded word. The key is inserted into a 
key reader, and if the proper key is inserted, an ACCEPT 
output will be produced at a terminal which can be used 
to operate a lock mechanism. Such a key cannot be 
reprogrammed and has the disadvantage of its digital code 
being at the exposed blade which is subject to damage, 
bending or the like. Furthermore, although the number of 
available digital codes is substantial, nevertheless the 
number is not as high as desirable to reduce the 
possibility of duplicating the key by an unauthorized 
user. 

U.S. Patent No. 4,298,792 discloses another type of 
a digitally coded data carrier in the form of a key which 
carries the data on a non-mechanical coded track. A lock 
contains sensors which interact with the coded track 
without contact to generate an output signal which is fed 
to a memory that contains the correct information for 
unlocking the system, thereby providing different code 
permutations which are several orders of magnitude higher 
than lock . and tumbler systems. The coded track is 
intended to be invisible to the human eye and transparent 
to infrared radiation. A disadvantage of such an 
arrangement, however, is that the key cannot be 
reprogrammed remotely to provide a new access code. 

Key devices which incorporate an electronic circuit 
for use with a vehicle mechanical lock are known as shown 
in U.S. Patent No. 4,922,73 6. The knob or rear portion 
which contains the circuit comprises two halves made of 
a synthetic resin material and joined together with a 
bonding agent, a snap engagement or the like. Light 
emitting diodes are provided on both sides of the key 
blade. A power source is provided on one side of the 



WO 92/07156 



PCT/US91/07481 



circuit board located in the knob portion, as well as a 
push button switch which is necessary to activate the 
code transmission circuit. Separate contacts for 
electrically connecting the circuit of the key with the 
vehicle engine control circuit are provided on each side 
of the key. The manufacture of this key is made more 
expensive and complicated by the need to produce two knob 
halves and then join them together with a sufficient 
seal. in this connection, the protection of the 
electronic circuit from the harmful effects of moisture 
cannot be positively assured due to the interface along 
the entire periphery of the knob. Due to the contact 
design at the sides of the key blade, a special ,key 
design is reguired which precludes the use of this device 
with standard door and cabinet locks. The reguirement to 
have two separate contacts also makes the design 
unnecessarily complicated and expensive to produce. in 
addition, the system with which this key is used reguires 
battery cells and a push-button switch within the knob 
itself which must be pressed which the key itself is 
being turned in order to obtain a coded light signal from 
.,.the LEDs in the knob. 

Another type of coded key is shown in U.S. Patent 
No. 4,593,185 which uses a standard door key or card on 
which a layer is burned by a laser beam to code with 
fine, discrete depressions which are subseguently read by 
a unit which contains the correct coding information and 
decides if the user is authorized to gain access. 
Although this is a relatively simple approach, the coding 
of the key is fixed and this does not provide the 
flexibility achieved with codings which can be changed. 
Thus, new keys must be produced and provided each time 
the coding of a lock is changed. Moreover, the coded 
portions of the key are at the exposed key blade where 
the fine depressions are subject to wear and damage which 
may prevent actuation of the lock if the memory unit 
cannot read the code. 
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Another type of electronic locking system having a 
reprogrammable key is described in U.S. Patent No. 
4,789,859 for use with a mortise lock. Electronic logic 
circuitry is provided with the mortise lock cylinder to 
recognize the full insertion of the key and extract 
encoded information from the key memory located in the 
exposed key blade. The logic circuitry in the cylinder 
can alter the codes in the key memory based on data 
transmitted from the cylinder, and can alter codes stored 
in the cylinder based upon data from the key memory. A 
key centering and retention device can be provided in the 
cylinder to interact vith a notch on the key to ensure 
the proper location of the key within the keyway. 

A security door system which incorporates 
electronics in the knob of a dimpled ."smart key" for 
operating a deadbolt is offered under the "XABA NOVA" 
trademark of Lori Corporation. It is designed to install 
(juickly on conventional doors without hardwiring in order 
to minimize installation costs and materials. Lost keys 
can be invalidated quickly without the costs of cutting 
and distributing new keys. The keys can be reprogrammed 
indefinitely with the need for cutting each time system 
designs or authorizations are changed and can be used not 
only as an electronic, key, but also as a mechanical key. 
The electronic intelligence can be programmed to limit 
access by location and even by time window. A 
time/calendar module decides when to open or remain 
locked. A programming unit is designed to determine not 
only who is allowed to open a certain door, but also to 
find out who most recently did. A problem with this 
approach, however, is that the leads to the electronic 
circuit inside the knob are exposed and can very easily 
be damaged. In addition, the knob is comprised of two 
halves which must be joined together and sealed to 
prevent moisture intrusion and damage to the electronic 
circuit. 
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Various, other types of coded keys, are know, for 
example, U.S. Patent No, 4,663,952 shows a key having a 
microprocessor in a recess in the key handle connected 
with an opto-electronic component for photo-electric 
transmission for signal currents and a miniature shell 
core half for output currents. U.S. Patent No. 4,726,205 
shows a vehicle ignition key which has transmitter 
electronics in a two-part handle which is joined by 
dovetail guides. These and similar arrangements have 
substantial disadvantages in the key construction and in 
the flexibility of the key-lock system. 

An object of the present invention is to provide a 
simple yet effective intelligent key-lock system which is 
usable in a variety of locks and further avoids the need 
to replace standard lock components. 

Another object of the present invention is to 
utilize a method for producing a key which is less 
expensive than conventional key assembly methods and yet 
produces a superior key which is moisture-proof. 

A further object of the present invention is to 
produce a key with the minimum number of components to 
... reduce costs and, at the same time, • provide a key 
configuration which allows usage as both an electronic 
key and a. mechanical key. 

A still further object of the present invention is 
to provide an electronic key whose sensitive components 
are completely covered by a plastic housing to prevent 
damage thereto. 

Yet another object of the present invention is the 
provision of an electronic cylinder which is easily 
assembled with substantially snap fittings to minimize 
the need for more expensive operations, such as 
soldering, and which allows the use of plastic parts in 
the cylinder. 
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A still further object of the present invention is 
the ability to use the intelligent key lock system in a 
standard, mechanical lock in which the cylinder 
accommodates the necessary parts so as to avoid the need 
to dismantle an existing mechanical lock. 

Another object of the present invention is to allow 
the use of an external power source in a simple manner to 
power the system in the event of failure of the system 
power source • 

The foregoing and other objects have been achieved 
in ' accordance with the present invention by the use of a 
system in which the key is powered externally from a lock 
mechanism through a metallic/ insulator layer layout of 
the key blade when the key is inserted in the lock 
mechanism. Communications between controi circuitry 
within the key itself and the circuitry within the lock 
are carried out by respective IR diode and optical 
detector units in the key and lock. The lock mechanism 
on, for example, a door contains a battery, a 
microprocessor and associated memory, and an external 
communication port for effecting communications with a 
... remote supervisory terminal/ storage facility. Precursor 
verification codes are necessary before the lock 
mechanism (e.g., a solenoid) will respond to key 
insertion ♦ 

The key of the present invention consists of a 
blade, a knob portion on which a PCB is laid, and a one- 
piece molded plastic housing surrounding ■ the PCB in a 
moisture-proof manner. The blade acts as one of the 
contacts, and a positive contact separated from the blade 
by an insulator seat extends from the PCB through the 
housing along a portion of the key blade. The key can be 
configured to be used only as an electronic key or as 
both an electronic and mechanical key. The positive 
contact can be flush with the surface of the key blade or 
raised therefrom so as to require a keyway with a 
matching profile and thereby provide a "mechanical 
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polarization'' which permits insertion of the key in only 
one orientation. The molded housing surrounding the PCB 
also serves to join and secure the positive contact and 
insulator seat to the blade. The housing also can be 
provided with a notched portion for allowing the. use of 
an external power unit in the event the system power 
supply fails, e.g., a battery. 

The method of molding the housing in one-piece 
avoids the need for and expense of two separate housing 
parts and also the manufacturing process of sealing the 
two halves together. The plastic injection molding 
method of the present invention utilizes a two-part mold 
which defines the housing configuration and a slide which 
locates two IR devices in their precise desired location 
relative to the key blade and protects those devices 
during the molding operation by creating a cavity around 
the devices which, can subsequently be filled with a 
protective coating or IR sensitive plastic lenses. 

The cylinder according to one embodiment of the 
present invention includes leaf-spring contact arms which 
are snap-fitted into a plastic housing. The contact arms 
for the positive and negative contact have the same 
configuration, but, when a flush positive contact key is 
used, a rider pin can be inserted' in the contact arm 
associated with the positive contact to prevent that 
contact arm from coming into contact with, the key blade 
until the positive contact is aligned with the contact 
portion of that contact arm and the rider pin is dropped 
into a blind hole on the key blade. The IR devices and 
leads can also be snap-fitted into the housing to 
minimize the need for soldering connections to the 
contact arms and the IR devices. a low-battery warning 
light can also be provided in the cylinders to alert the 
system user to imminent failure of the system power 
supply. 
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According to another embodiment of the present 
invention used in a standard mechanical lock, an 
electronic cylinder can replace the innards of the 
mechanical lock without requiring the lock to be 
dismantled. To this end, the . electronic cylinder portion 
which is inserted in the standard cylinder body comprises 
a solenoid housing, fixed and moving contacts, wiring, 
pin assembly, channel for the wiring, a spring loaded cam 
locator, a moving keyway cylinder, and the IR devices as 
one complete assembly in which the key must be inserted 
to rotate the keyway cylinder and can only be withdrawn 
from that cylinder in a particular orientation, e.g., a 
vertical position of the key. 

Where compactness is particularly desired, the lock 
electronics can be located in the lock rose instead of in 
a separate enclosure attached to the inside of the door. 
Brief Description of the Drawings 

These and other objects, features and advantages of 
the present invention will become more apparent from the 
following detailed description of presently preferred 
embodiments " when taken in conjunction with the 
accompanying drawings wherein: 

Figure 1 is an exploded perspective view of the 
electronic key and cylinder system used with a mortise 
lock for a door; 

Figures 2A-2C are, respectively, a plan view, a side 
view and a sectional view along line A- A of Figure 2A of 
a key blank having a flush contact for the system shown 
in Figure 1/ 

Figures 2D-2F are, respectively, a plan view, a side 
view and a sectional view along line B-B of Figure 2D, of 
a contact seat for the key blank shown in Figures 2A-2C; 
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Figures 3A and 3B are, respectively, top and bottom 
views of a printed circuit board (PCB) containing the 
electronics package, the IR devices and the contact bar 
inserted in the key knob or handle for powering the 
electronic key when it is inserted in the cylinder shown 
in Figure 1; 

Figures 4A-4C are, respective, sectional views taken 
along lines c-C, D-d and E-E of Figure 3A showing the 
general elevational contours of the PCB; 

Figures 5A and 5B are, respectively, plan and side 
views of the fully assembled electronic key with a 
general outline of a molded plastic housing shown in 
phantom lines to illustrate how the PCB of Figures 3 A and 
3B are assembled in the key knob; 

Figures 6A-6C are, respectively, front elevational, 
back elevational and front end views of the fully 
finished electronic key shown in Figures 5A and 5B; 

Figure 6D is a sectional view of a' blind hole in the 
key blade along line F-F of Figure 6A, the purpose of 
which is to receive a rider pin; 

Figure 7A is a side view of another embodiment of 
the electronic key having a raised positive contact so as 
to provide mechanical polarization; 

Figure 7B is a sectional view taken along lines G-G 
of Figure 7A; 

Figure 8 is a schematic perspective view of a 
molding apparatus for molding an electronic key in 
accordance with the present invention; ' 

Figures 9A and 9B, are, respectively, an end and 
side view of an external power clip for use with the key 
illustrated in Figures 6A-6C; 

Figure 10A is an elevational view of one side of the 
electronic cylinder shown in Figure 1; 

Figure 10B is a sectional view taken along line H-H 
of Figure 10A; 

Figure 10c is an elevational view of the other side 
of the assembly shown in Figures 10A and 10B; 
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Figures^ 10D-10F are, respectively, front, rear and 
bottom views of the assembly shown in Figures 10A and 
10C: 

Figure 10G is a sectional view taken along line I-I 
of Figure 10B; 

Figures 11A and 11B are, respectively, end and side 
views of an electronic cylinder according to another 
embodiment of the present invention used with the 
electronic key having a raised positive contact as shown 
in Figures 7A and 7B, but with other parts similar to the 
lock assembly of Figures IOA-iog not illustrated; 

Figure lie is a sectional view taken along line J-J 
in Figure 11B; 

Figure 12A is a front view of the key and lock 
cylinder system shown in Figures 7 A and 7B, and llA-lic 
applied as a cabinet lock; 

Figure 12B is a sectional view taken along line K-K 
of Figure 12 A; 

Figures 13A and B are, respectively, side and rear 
end views of an electronic cylinder according to another 
embodiment of the prfesent invention; 

Figure 13 C is a cross-sectional view taken along 
line L-L of Figure 13 A; 

Figure 13D is a front end view of the electronic 
cylinder taken in partial cross-section of the forward 
contact seat along line K-K of Figure 13A; 

Figures 14A-14C are, respectively, front, front end 
and back views of the electronic key with flush positive 
contact .shown being molded in Figure 8 and used with the 
electronic cylinder of Figures 13A-13D; 

Figures 15A-15C are, respectively, side, rear end 
and front end views of the standard cylinder body which 
accommodates the electronic cylinder of Figures 13A-13D; 

Figure 15D is a cross-sectional view taken along 
line N-N of Figure 15B; 

Figure 16A is a side view of the solenoid housing 
used in the electronic cylinder of Figures 13A-13D; 
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Figure . 16B is a cross-sectional view taken along 
line P-P of Figure 16A; 

Figure 16C is a front end view of the solenoid 
housing shown in Figure 16A; 

Figures 17A and 17B are, respectively, side and rear 
end views of the key receptacle used in the electronic 
cylinder of Figures 13A-13D; 

Figure 17C is a cross-sectional view taken along 
line Q-Qof Figure 17A; 

Figure 17D is a cross-sectional view taken along 
line R-R of Figure 17A; 

Figure 18A is a plan view of a rose for a door knob 
which accommodates the lock electronics in accordance 
with another embodiment of the present invention; 

. Figure 18B is a cross-sectional view along line S-S 
of Figure 18 A; 

Figure 19A-19D are, respectively, front side 
(positive contact) , rear side, top and front end views of 
another embodiment of the key of the present invention 
serving as a mechanical and electrical key; and 

Figure 20 is a front and rear view of another 
•embodiment of an electronic cylinder similar to Figures 
13A-13D, but with a modified contact and keyway 
arrangement. 

DETAILED DE SCRIPTION OF TtTR DRAWINGS 

Referring now to Figure 1, there are shown the basic 
components of the system, designated generally by the 
numeral 10 in an exploded view, for use with a mortise 
lock, in particular, the system comprises an electronic 
key designated generally by the numeral 20, an electronic 
cylinder designated generally by the numeral 40, and an 
enclosure designated generally by the numeral 60 
containing a power supply 61 such as a 9 volt battery, 
the lock electronics 62 which has been described in the 
above cross-referenced related application filed on even 
date, and a connector 63 for connecting the battery power 
supply 61 to the electronics 62. The details of the 
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structure and function of the lock electronics 62 will 
thus be dispensed with here* 

The system 10 is typically used in a door 11, e.g., 
a hotel guest room door, which has a slot 12 for a 
standard mortise lock 13 having an electrically actuated 
solenoid 14 for effecting locking and unlocking. The 
electronic cylinder 40 is secured in an aperture 15 
drilled or bored through the door 11 above the front door 
handle 16 in the illustrated embodiment. It will be 
understood, of course, that in the assembled condition of 
the system 10, the mortise lock 13 will be inserted in 
the slot 12 of the door 11 and the enclosure 60 securely 
attached to the back of the door 11 before the front 
handle 16 and a rear door handle 17 are connected through 
the system components so as to move /the bolt assembly 18 
of the mortise lock 13 through which the handle 16, 17 
are connected in a known manner through a square 
aperture, when a retractable pin 19 of the solenoid 14 is 
retracted by the insertion of the proper electronic key 
20 in the electronic cylinder 40. 

The details of the electronic key ^20 and how it is 
constructed are now described. * in one embodiment of the 
electronic key which is intended to operate the lock 
totally electronically, i.e., without any mechanical 
locking capability, a key blank 21 shown in Figures 2A-2C 
made, for example, of leaded nickel silver alloy or other 
suitable material so as to be conductive, is provided 
with an outer configuration 22 on the key blade 2 3 
adapted for the electronic cylinder 40 shown in Figure 1. 
The key blank 21 has a generally rectangular aperture 24 
provided at the end 25 formed as a knob or handle and 
sized to be grasped by the person using the key. An 
oblong shallow recess 26 is provided in the blade 23 
adjacent the knob end 25 to receive an insulating contact 
seat 27, as shown in Figures 2D-2F, made of polycarbonate 
or other suitable insulating material i 
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Although not- shown to scale in the drawings, it will 
be understood that the contact seat 27 is sized and 
configured to fit precisely in the recess 26 on the blade 
23 so as to be flush with the top surface 28 of the blade 
23. The contact seat 27 can be joined to the key blade 
23 by a suitable commercially available adhesive or the 
like. The contact seat 27 itself has a shallow recessed 
portion 29 which is similar in shape to the perimeter of 
the seat 27. A contact bar 30 shown, for example, in 
Figures. 3 A and 3B also made of suitable conducting 
material such as copper, is .sized and configured to mate 
with and to be held securely in the recess 29 in the seat 
2 7 by suitable adhesive material, e.g., Loctite 401 
adhesive, or the like and also be flush with the top 
surface 28 as shown in Figure 4B. 

The electronics arranged on a printed circuit board 
31 (PCB) for the key 2 0 are located at the widened end 25 
of the key blank 21. The general arrangement of the PCB 
31 with the electronics, two commercially available ir 
devices in the form of a light emitting diode 32 and a 
photo detector 33 and the contact bar 30 soldered to a 
• bus .for the electronics package are shown in Figures 3A 
and 3B before the PCB 31 is assembled with the key blank 
21 of Figures 2A-2C. By way of general discussion, 
however, the PCB 31 has a ceramic substrate 34, a ground 
pin 35, an EE prom 3 6 and a lead QFP (micro) 37, as shown 
in more detail in Figures 4A-4C. The actual details of 
structure and operation of the electronics package are 
fully described in the cross-referenced related 
application. 

The assembled electronic key 20 is shown in Figures 
5A and 5B, wherein the PCB 31 has been joined to the end 
25 to leave an opening 24 exposed for passing a key ring 
or chain therethrough. A plastic housing 38 shown in 
phantom lines is molded around the PCB 31 and the IR 
devices 32, 33 which are located in this embodiment, on 
each side of the blade 23. 
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The finished- electronic key is shown in Figures 6A- 
6C. in particular, the key blade 23 has a blind hole 39 
(Figure 6D) drilled or otherwise machined therein below 
both the positive contact 30 and the insulator seat 27 
and rearwardly of the end of the contact 30 (as viewed in 
Figure 6A in the direction of key insertion) to permit a 
sliding contact to touch the positive contact 30 at the 
desired time during key insertion, in a manner described 
more fully hereinbelow with reference to. Figure 10B, by 
a rider pin mating* with the blind hole 39. A slot 80 is 
molded into in the plastic housing 38 on the side of the 
key blade 23 opposite the blind hole 39, as shown in 
Figure 6B, and is configured with a narrower opening at 
the front edge of the housing. 38 so as to accept a mating 
terminal of an external power clip 81 shown in Figures 9A 
and.9B, as will be more fully hereinafter described. The 
holes in the housing 38 in which the IR devices 32, 33 
are located can be filled, after a molding operation 
described below with reference to Figure 8, with a 
protective material, such as Norland ultra-violet curing 
optical adhesive or IR sensitive plastic caps. Windows 
< can be provided on the sides of the housing to insert or 
contain data, such as room number- or key number- The 
positive contact 3 0 which is secured by adhesive in the 
insulator seat 27 is also held in place by the molded 
plastic housing 3 8 so as to ensure a fully hermetic seal 
of the electronics package inside the plastic housing 3 8/ 
Figures 7A and 7B illustrate another embodiment of 
the electronic key in which similar parts are designated 
by the same numerals used in Figures 6A-6C but with 
primes. The basic difference between this embodiment and 
the above described embodiment is that the key 20' has a 
raised positive contact 30', instead of a flush contact 
3 0, which is adapted to engage a mating slot in the 
electronic cylinder 40 as shown in Figure 11A-11C. Due 
to this arrangement, the blind hole 39 on the key blade 
is dispensed with. Since only one side of the cylinder 
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40' has a slot which mates with the raised contact 30 ', 
the key 20' can only be fully inserted in one orientation 
so as to provide a "mechanical polarization." The raised 
contact 30' can be soldered directly on the PCB 31 • which 
can also form the insulator seat 27 ' and thus save the 
need for an additional part and an additional assembly 
operation. 

in order to produce a finished electronic key, a 
molding operation is used as shown in Figure 8. The 
embodiment of the key being assembled is described in 
more detail below with reference to Figures 14A-14C. 
Parts of the key similar to the parts used in the 
embodiment of Figures 6A-6D are designated by the same 
numerals, but double primed. For present purposes, it is 
sufficient to note that the two IR devices 32", 33" are 
both located on the same side of the key blade 23 n . To 
carry out the molding operation, the key blade 23" and 
the PCB 31" are inserted in their proper orientation in 
the bottom mold half 91 of the mold designated generally 
by the numeral 90. Then, the slide member 94 having an 
end 95 with aperture 96 sized and configured to locate 
and mate snugly with the IR devices 32", 33" on the PCB 
31" is moved in the direction of arrow X so as to 
precisely locate and seal off the two IR devices 32", 
33". Upper mold half 92 is then lowered in the of arrow 
2 to create the desired cavity shape for molding the 
plastic housing 38" and, at the same time, to seal off 
the key blade 23" for preventing the intrusion of 
moisture and dust into the PCB 31". a suitable plastic 
material is then injected through a port 97 in the back 
side of mold halves 91, 92 to mold the plastic housing 
38" around- the key blade 23" and the PCB 31". This 
molding operation results in a moisture-proof key and 
avoids the need for a more expensive and less desirable 
molding operation wherein separate housing parts are 
formed and then joined with ultrasonic welding, adhesives 
or the like. After the slide member 94 is withdrawn to 
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expose the IR devices 32", 33", tlie resulting cavity at 
each IR can be filled with the Norland optical adhesive 
or IR sensitive plastic caps to protect the IR devices 
from damage without affecting their respective 
transmissive and receptive characteristics. 

As previously mentioned, an external power device 
can be used with the electronic key 20 of Figures 6A-6C. 
Although the system 10 can be provided with a low-power 
indicator warning light in the cylinder 40 to allow 
sufficient time for replacement of the battery 61, there 
are instances where the battery 61 can fail before 
replacement* In those instances, the system 10 is 
inoperable and will not permit access from the outside 
without an alternative power source. To this end, a 
battery clip 81 as shown in Figures 9 A and 9B can be 
used. The clip 81 has one leg 82 with an inwardly bent 
contact portion 83 which is configured to have an arcuate 
protruding bump-like portion 84 which forms an electric 
connection with positive contact 3 0 on the key 20. The 
other leg 85 of the clip 81 has a bent- in contact portion 
86 which is si2ed to fit in the slot 80 in the plastic 
i_ housing 38 of the key 20 and complete the electric 
circuit by contacting the conductive key blade 2 3 which 
is electrically insulated from the positive contact 30 by 
the contact seat 27. The width of the slot 80 is such 
that the positive contact 8 3 will not enter the slot 80, 
i.e., it is form precluded or mechanically polarized so 
that the portion 84 will not touch the key blade to cause 
a reversal of polarity. The legs 82, 85 are joined to an 
insulator piece 87 which is connected to a battery (not 
shown) through positive and negative clip terminals 88, 
89, respectively. 

Reference will now be made to the details of the 
electronic cylinder 40, shown in Figures 10A-10G used 
with the key 20 shown in Figures 6A-6C. . The cylinder 40 
comprises a housing 41 of roughly cylindrical outline 
which is sized to fit inside a standard cylinder body 



WO 92/07156 



PCI7US91/07481 



17 

used for the mortise lock 13. The assembly 41 can be 
made of, for example, a suitable plastic material, it 
has two recesses 42 , 43 at respective sides for 
accommodating a leaf spring contact arms 44, 44 1 of 
identical construction on each side. The contact arms 
44, 44 1 have U-shaped end portions. 45 which are adapted 
to be press-fit into the recesses 42, 43. The other ends 
of the contact arms 44 have inward bent portions 46 which 
are located for movement within respective larger recess 
47, 48 and contain generally rounded contact portions 49 
which, in the relaxed or unbiased state, extend into a 
keyway 50 extending axially through the housing 41. in 
addition, one of the contact arms 44 is provided with a 
rider pin 51 made of Teflon or similar low friction, 
insulating material which extends further into the axial 
keyway 50 than its adjoining contact pin 49 so as to 
prevent that contact pin 49 from contacting the key blade 
23 until the rider pin 51 is biased back into the blind 
hole 39 to allow the associate contact pin 49 to form an 
electrical contact with the positive contact 30 on the 
key 20 shown in Figures 6A-6C. The rider pin 51 is 
- inserted into a hole 57 in the contact arm 44 ' and is 
melted to flatten the head to secure the rider pin on the 
arm 44 1 . 

A stainless steel face place 52 is used to cover the 
plastic housing 41 and is secured to the latter, prior to 
insertion of the housing 41 into the standard cylinder 
body, by stainless steel legs 53, 54 which are bent 
around an inner face 55 of the housing 41. The face 
plate 52, shown more clearly in Figure 10D, has three 
apertures for the two IR devices 32, 33 and a low battery 
warning light LB and a rectangular slot which coincides 
with the axial passageway 50 in the assembly for 
receiving the key 20. It wili be seen in Figure 10F that 
the IR devices are snap fitted in the assembly in a known 
manner without the need for soldering or the like to hold 
them securely in place. Furthermore, wires for the 
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contacts 44' and • the IR's 32, 33 and LB- can also be 
assembled thereto by snap fittings rather than by more 
costly joining techniques. A six-pin male connector 
housing 56 to which the IR and contact leads 10 are 
connected is provided at the rear of the housing 41 to 
mate with a female connector on a wire 98 from the lock 
electronics package 62 in the enclosure 60 shown in 
Figure 1. 

Figures 11A-11C show the cylinder assembly 41' for 
a key with a raised positive contact 30 ' of the type 
shown in Figure 7A. The face plate 52 « and passageway 
50 » are configured to mate with the cross-section of the 
key blade 23 » , including the raised contact portion 30'. 
It will thus be appreciated that the key 20 » can be 
inserted all the way through the passageway 50' if it is 
the proper key, only if it is oriented* correctly since 
otherwise the raised contact 30' will prevent passage of 
the key 20 • all the way into the keyway 50' and thus 
prevent contact between the contact pin 49 • and the 
raised contact 30'. in other words, this form-precluding 
feature provides mechanical polarization which precludes 
insertion of the key incorrectly into the lock cylinder 
and thus assures proper contact with the leg spring 
contact arms 44 ' .' 

The cabinet lock 100 shown in Figure 12A and 12B 
includes a plastic housing 101 which holds the lock 
electronics in a manner similar to the enclosure 60 of 
Figure 1. It is a one-piece assembly which also includes 
a battery 102. The cylinder 40 » of the type shown in 
Figures llA-llc can be attached through a bore in the 
cabinet door or drawer. A solenoid 103 is attached to a 
plate in the housing 101 and has a spring biased pin 104 
which retracts from a pivotable lever 115 to allow 
opening and closing of the cabinet door or drawer. When 
the solenoid pin 104 is withdrawn, the keyway 50 •' can 
turn by mechanical action of the inserted key 20' to turn 
the lever. 
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The present- invention is also applicable to 
electronic cylinder locks of the type shown in Figures 
13A-13D which is used with the type of electronic key 20" 
shown in Figures 14A-14C in which both IR devices 32", 
33" are on the same side of the key blade. The cylinder 
comprises a body no made of brass or the like, a 
solenoid 111 fixed in a solenoid housing 133, fixed brass 
contacts 112, 113 disposed on each side of the keyway 114 
on appropriately configured recesses in the body no, 
spring-biased contacts 115, 116 associated respectively 
with the fixed contacts 112, 113. The faces of the fixed 
contacts 112, 113 have a concave circular shape so as to 
constitute a portion of the circular surface 117 of the 
cylinder plug 118 (shown in Figures 17A-17D) inserted in 
the body 110 offset from the axial center thereof . The 
fixed contacts 112, 113 have an L-shaped portion, as best 
seen in Figure 13D, which is connected to a lead wire to 
the lock electronics in a manner, e.g., snap fitted, 
similar to the system connectors previously described. 

The movable contacts 115, 116 are identically 
constructed and include a brass contact portion 119 and 
a movable brass cap 120 held in appropriately configured 
recesses in the cylinder plug lis. The. cap 120 has a 
convex circular surface with the same radius as the 
surface 117 so as to make contact with the mating face of 
the fixed contacts 112, .113 as the cylinder plug lis is 
rotated after insertion into the keyway 114 of the proper 
key which communicates with the lock electronics in the 
manner described in the above-referenced related U.S. 
patent application. The contact portion 119 is biased 
outwardly toward" the keyway 114 by a spring 12 1 so as to 
assure positive contact. 

The cylinder also includes a cam locator 122 which 
is connected to the solenoid ill through an axially 
movable solenoid pin 123 so that as the lock electronics 
actuates the solenoid 111 to move the pin 123 against the 
bias of compression spring 124, the cam 125 fixed at the 
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rear end of the cylinder plug 118, can be rotated by 
rotation of the cylinder plug 118 upon actuation of the 
lock electronics. The cam surfaces 126, 127 on the cam 
locator 122 permit the cam 125 to be moved back into the 
locking position from either -direction after the solenoid 
111 is deactuated by removal of" the key and the cam 
locator 122 has been returned to its axially extended 
position under the bias of spring 124, A bracket (not 
shown) 'limits the movement of the locator 122 and pin 124 
outward so as to return an operative relationship between 
the surfaces 126, 127 and the lever 125. 

. The cylinder plug 118 shown in Figures 16A-16C has 
the keyway 114 and the recesses for the movable contacts 
comprised of the contacts 119, caps 120 and spring 121. 
The cylinder 118 is also provided with a blind bore 132 
which communicates with the keyway 114. A plastic 
solenoid housing 133 (Figures 16A-16C) made of, for 
example, polycarbonate, houses the solenoid 111 and also 
has a bore which constitutes part of the passageway 132. 
The solenoid housing 133 is held against rotation in the 
cylinder body 110 (Figures 15A-15D) which has an aperture 
, at the top also constituting a portion of the passageway 
132 which communicates with the keyway 114 in the 
cylinder plug 118 through the bore 132 in the solenoid 
housing 13 3. 

The cylinder body 110 is held against rotation, 
i.e., rotatably fixed in the door. The solenoid housing 
133, in which the cylinder plug 118, the solenoid 111 and 
the cam locator 122 have already been assembled, is 
arranged in the body 110. Now the function of bore 132 
disposed transverse to the axis of body 110, solenoid 
housing 13 3 and cylinder plug 118 will now be explained. 
In order to prevent subjecting the cam locator 122 to 
undesired forces by the action of someone inserting a 
tool, say a screwdriver, into the keyway 114 and turning 
the cylinder 118, it is necessary to prevent unwanted 
rotation of the cylinder 118 with respect to the solenoid 
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housing 133. ■ in addition, it is desirable to provide 
only a single orientation of the key 20" relative to the 
cylinder 118 when the former is to be inserted into and 
removed from the latter so that the IRs 32", 33" on the 
tkey 20" align with complementary IRs in the solenoid 
housing 133. To this end -pins 140, 141 of shorter and 
longer lengths, • stacked one above the other, 
respectively, are arranged in' the bore 132 and biased 
toward the end of the blind bore 132 in the keyway 114 by 
a spring 142. The pins 140, 141 are sized such that when 
the key 20" has not yet been inserted into the keyway 
114, the pin 140 is completely within the cylinder 118 
and the longer pin 141 bridges the interface between the 
cylinder 118 and the solenoid housing 133. When the key 
20" has been inserted such that the protrusion P on the 
key blade 23 has now raised the pin 140 to that interface 
and pin • 141 above the interface and then lower the pin 
140 into the V-shaped depression b on the blade (Figure 
14 C) so that the pin 141 does not extend beyond the 
interface, the key 20" can rotate the cylinder 118 
relative to the solenoid housing if the key 20" has been 
verified as an authorized key and the- solenoid pin 123 
retracted to permit rotation of the lever. 125 and the 
cylinder 118. Due to the axially fixed presence of the 
pin 140 at the bottom of the bore 132 partially in the 
keyway 114, however, the key 20" cannot be withdrawn from 
the cylinder lis until the bore 132 in the keyway 114 is 
aligned with the bore 132 in the solenoid housing 133 to 
allow the pin 140 to be pushed upwardly by the protrusion 
P on the key blade 23" against the bias of spring 142 
toward the solenoid housing 133 when the key 20" is being 
removed from the cylinder and then under the bias of 
spring 142 back towards the bottom of the blind bore 132 
in the cylinder 118. 
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According to' another embodiment of the electronic 
cylinder lock of the type shown in Figures 13A-13D, in 
which a key is used to operate both electronically and 
mechanically, provision is made to prevent serrations on 
the key blade from damaging or prematurely wearing the 
movable contacts in the cylinder, plugs. This alternate 
embodiment of the key is shown in Figures 19A-19D and the 
corresponding cylinder lock is shown in Figure 20. Parts 
similar to previuosly described parts in Figures 13A-13D 
and 14A-14C are identified by the same numerals but 
triple printed to simplify the discussion and concentrate 
oh the modified features of this embodiment. 

To prevent the key blade 2? ' ' from wearing the 
contact portion 119 ' * in the cylinder plug 118T ' ' , bumps 
or dimples 13 0, 13 1, respectively, are provided on the 
positive contact 3 or" and on the key blade 23 ,,f 
immediately opposite each other i The bump or dimple 131 
can be formed in the blade 23 ■ 1 9 by a known machining 
operation, e.g., deformation. of the key blade material to 
cause a flowing of the metal into the appropriately si2red 
and configured dimple 131. 

Similarly, the bump or dimple 130 in the positive 
contact 30 ,ir can be formed by a similar mechanical 
process prior to joining the positive contact 30' 11 with 
the insulating seat 27 1 1 1 and molding the housing 38 1 1 1 
around the PCB and key handle 25' 1 1 . Of course, it will 
be readily understood that many other techniques are 
available to create protrusions from the .key blade and 
positive contact, and these techniques do not depart from 
the principles of the present invention. 

The contact portions 119 1,1 in the modified 
cyclinder lock shown in Figure 20 (the cylinder lock is 
cylindrical although shown elliptical in the drawing) are 
recessed slightly rearwardly so as to be outside the 
perimeter of the keyway 114 1,1 in the cylinder plug 
118 ' ' 1 . Because the dimples 130, 131 on the positive 
contact 30' 11 and key blade 23 ' 1 1 are directly opposite 
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one another,' the movable contacts 115"', 116»" In the 
plug 118 " ■ are also directly opposite one another rather 
than axially offset as shown in Figure 13A. Furthermore, 
to accommodate the two dimples 130, 131 in the keyway 
when the key 20'" is inserted, two recesses 132, 133 are 
provided on each side of the keyway 114 • " and are sized 
sufficiently large to allow passage of the dimples 130, 
131 along with the key 20* • • in the keyway H4»" until 
the dimples 130, 131 make electrical contact with the 
movable contacts 115'", lie'", respectively. Thus, 
unnecessary wear of the contact portion 119 " « on the 
contacts 115" 116"' is avoided due to the fact that 
no portion of the key -20"', except the dimples 130, 131, 
touch the contacts 115 " • , lie " » . 

As an alternative to the enclosure 60 for the 
electronics package 62 shown in Figure 1, a more compact 
package can be obtained by accommodating the electronics 
in a rose 150 of a door lock (not shown) as shown in 
Figures 18A and 18B. The various components of the 
electronic package are shown in dotted lines merely as an 
illustration of how the components are disposed in the 
• annulus of the rose. a bus 151 with lead wires for 
connecting the intelligence with the cylinder lock will, 
of course, not be exposed in an actual installation, but 
will pass through a bore or hole which is' covered by the 
rose 150. 

Although the invention has been described and 
illustrated in detail, it is to be clearly understood 
that the same is by way of illustration and example, and 
is not to be taken by way of limitation. The spirit and 
scope of the present invention are to be limited only by 
the terms of the appended claims. 
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WHAT IS CLAIMED IS : 

1. A key adapted for use with an electronic lock 
system, comprising: 

a body having a handle at one end and a 
blade constituting an electrical contact at the other 
end; 

an electronic package operatively arranged 

at the handle; 

a plurality of IR devices operatively 
connected with the electronic package; 

a positive contact operatively connected 
with the electronic package and extending along a portion 
of the blade in electrical isolation therefrom; and 

a one-piece housing surrounding the 
electronic package and at least a portion of the handle 
in a moisture-proof manner. 

2. The key according to Claim 1, wherein the 
positive contact is flush with a surface of the blade. 

3. The key according to claim 1, wherein the 
positive contact is raised above the surface of the 
blade. 

4. The key according to claim l, wherein the blade 
is configured mechanically to operate a lock. 
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5. The- key according to Claim 1, wherein one of 
the IR devices is arranged on each side of the blade. 

6. The key according to Claim 1, wherein the IR 
devices are arranged on one side of the blade. 

7. The key according to Claim 1, wherein the 
housing is provided with shaped means for connecting a 
terminal of an external power source to the blade such 
that another terminal of the external power source is 
prevented from contacting the blade by the shaped means, 

8. The key according to Claim 2, wherein a recess 
is provided in the blade in operative relationship to the 
positive contact to preclude an electrical contact by a 
lock contact with the blade* 

9* The key according to Claim 8, wherein the blade 
is configured mechanically to operate a lock. 

10. The key according to Claim 9, wherein one of 
the IR devices is arranged on each side of the blade. 

.11. The key according to Claim 9, wherein the IR 
devices are arranged on one side of the blade. 
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12. The key according to Claim 9, wherein the 
housing is provided with shaped means for connecting a 
terminal of an external power source to the blade such 
that another terminal of the external power source is 
prevented from contacting the blade by the shaped means. 

13. The key according to Claim 3, wherein IR 
devices are arranged on one side of the blade. 

14. The key according to Claim 13, wherein the 
housing is provided with shaped means for connecting a 
terminal of an external power source to the blade such 
that another terminal of the external power source is 
prevented from contacting the blade by the shaped means. 

15. The key according to Claim 14, wherein the 
• electronic package includes an insulating printed circuit 

board which extends from the housing so as to 
electrically isolate the positive contact from the blade. 

16. The key according to Claim 1, wherein the blade 
is configured so as to require insertion into and removal 
from a keyway in a desired orientation. 

17. The key according to claim 16, wherein the 
positive contact is flush with a surface of the blade. 
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18. The key according to Claim 17, wherein the 
blade is configured mechanically to operate a lock. 

19. The key according to claim 18, wherein the 
housing is provided with shaped means for connecting a 
terminal of an external power source to the blade such 
that another terminal of the external power source is 
prevented from contacting the blade by the shaped means. 

20. The key .according to Claim 19, wherein a recess 
is provided in the blade in operative relationship to the 
positive contact to preclude an electrical contact by a 
positive lock contact with the blade. 

21. An external power source for powering an 
electronic key and lock system, comprising: 

a first contact leg for contact with a 
positive contact of an electronic key; 

a second contact leg for contact with a 
conductive blade of the electronic key; 

means for connecting the first and second 
contact legs with a battery; and 

shaped means on one of the contact legs 
for ensuring proper electrical connection of the contact 
legs with the electronic key. 
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22. A door handle rose for an electronic key and 
lock system, comprising: 

a thin annular member having a central 
aperture for a door handle; and 

means for electronically operating the 
system operatively arranged within the thin annular 
member ♦ 

23. A cylinder for an electronic key and lock 
system, comprising: 

a housing with a keyway; 

a plurality of leaf spring contact arms 
having portions configured to be press fitted into 
recesses in the housing at spaced axial positions along 
the keyway so as to have contact portions extending into 
the keyway in the absence of an electronic key in the 
keyway; 

an insulating rider pin associated with 
one . of the contact arms arranged to provide an electrical 
connection with a positive contact of the electronic key, 
the rider pin extending into the keyway and preventing 
contact with a conductive blade of the electronic key 
during insertion of the key into the keyway; 

IR devices arranged within the housing so 
as to operatively operate with IR devices in the 
electronic key; 

a low battery warning light arranged 
within the housing; 
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■ lead wires press-fit connected with the 
contact arms, IR devices in the housing and the low 
battery warning light; and 

means arranged in proximity to an end of 
the housing remote from an entrance to the keyway for 
providing a multi-pin connector for connection to an 
electronic package of a lock system for permitting 
authorized access to a locked area. 

24. The cylinder according to Claim 23 , wherein a 
metal face plate is provided at an end of the housing 
constituting the keyway entrance, the face plate having 
two legs extending into the housing and each of the legs 
having an L-shaped portion formed around an internal 
surface of the housing to prevent removal of the face 
plate* 

25. The cylinder according to claim 24, wherein the 
housing is plastic. 

26. The cylinder according to Claim 23, wherein the 
contact arms have an identical configuration, including 
means for selectively joining the rider pin, and the 
portions configured to be press-fitted into the recesses 
have a U-shape. 
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27. The cylinder according to Claim 26, wherein a 
metal face plate is provided at an end of the housing 
constituting the keyway entrance, the face plate having 
two legs extending into the housing and each of the legs 
having an L-shaped portion formed around an internal 
surface of the housing to prevent removal of the face 
plate. 

28. A cylinder for an electronic key and lock 
system, comprising: 

a housing with a non-symmetrical keyway; 

a plurality of leaf spring contact arms 
operatively associated with the housing at spaced axial 
positions along the keyway so as to have contact portions 
extending into the keyway in the absence in the keyway of 
an electronic key having a non-symmetrical configuration 
complementary to the non-symmetrical keyway; 

IR devices arranged within the housing so 
as to operatively cooperate with IR devices on the 
electronic key; 

lead wires press-fit connected with the 
contact arms and IR devices in the housing; and 

means for connecting the lead wires to an 
electronic package disposed in a locked area for 
actuating a solenoid and permitting authorized access to 
the locked area. 
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29 • The cylinder according to Claim 28 , wherein a 
lever is operatively associated with the cylinder and the 
solenoid so as to be movable into locked and unlocked 
positions by rotation of the electronic key in the 
cylinder* 

30 ♦ The cylinder according to Claim 28 , wherein the 
cylinder is provided in a cabinet lock, and the 
electronic package is located on the inside of the 
cabinet or drawer, 

31. An electrical cylinder for an electronic key 
and lock system, comprising: 

a solenoid housing adapted to be arranged 
inside a cylinder body; 

a cylinder plug rota tab ly arranged within 
the solenoid housing and having a keyway extending 
axially therethrough; 

stationary contacts arranged within the 
solenoid housing at axially spaced positions; 

movable contacts arranged within the 
cylinder plug and in operative electrical relationship to 
the stationary contacts of the cylinder plug; 

a solenoid in the solenoid housing; the 
solenoid having a pin with a cam locator normally biased 
toward a rear portion of the solenoid housing in the 
absence of an authorized electronic key in the cylinder 
plug; 
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a. cam fixed at the cylinder plug so as to 
be engaged by the can locator in a locked position in the 
absence of the authorized electronic key in the cylinder 
plug; and 

IR devices operatively connected with the 
lock electronics and the solenoid for actuating the 
latter in response to the insertion of the authorized 
electronic key in the cylinder plug, 

32. The electronic cylinder according to Claim 31, 
wherein means is provided to prevent rotation of the 
cylinder plug relative to the housing except by the 
authorized electronic key and removal of the authorized 
key except in a specific orientation thereof. 

33. The electronic cylinder according to Claim 32, 
wherein the moving contacts are . normally spring biased 
toward the keyway. 



34. The electronic cylinder according to Claim 32, 
wherein the stationary and movable contacts have 
complementary arcuate contact surfaces at an interface 
between the solenoid housing and the cylinder plug. 
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35 ♦ The electronic cylinder according to Claim 32, 
wherein the cam locator has a . central portion for 
retaining the cam * in the locked position and two 
oppositely sloped surfaces on each side of the central 
portion for permitting the cam to be moved to the central 
portion against the biased pin and cam locator. 

36* The electronic cylinder according to Claim 32 , 
wherein the IR devices are arranged on one side of the 
cylinder plug* 

37. A method for making an electronic key, 
comprising the steps of 

placing a key blank having a printed 
circuit board and associated IR devices into a first mold 
half; 

locating and covering the IR devices in a 
desired position with a slide member; 

moving a second mold half into operative 
engagement with the first mold half to define a housing 
configuration cavity around the printed circuit board and 
IR devices; and 

injecting a material into the cavity to 
produce a moisture-proof housing around the printed 
circuit board and IR devices* 
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38. An electronic key and lock system for a 
solenoid-operated cylinder, comprising: 

a key having a handle at one end and a 
blade constituting an electrical contact at the other 
end, wherein electronics and associated IR devices are 
operatively arranged within a housing on the handle and 
a positive contact operatively connected with the 
electronics on the handle extends along a portion of the 
blade with an electrical insulating portion therebetween; 

a. cylinder having a keyway with axial ly 
spaced contacts therein for contacting respectively the 
blade and positive contact of the key, wherein the 
cylinder has IR devices for communicating with the IR 
devices in the key; and 

an enclosure containing a power source and 
lock electronics adapted to be electrically connected 
■ with the spaced contacts of the cylinder and with the 
solenoid-operated cylinder. 

39. The system according to Claim 38, wherein the 
positive contact of the key is flush with a surface of 
the blade and a recess is provided in the blade in 
operative relationship to the positive contact to prevent 
contact of more than one of the contacts in the cylinder 
with the blade. 
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40. The system according to Claim 39, wherein the 
housing is provided with shaped means for connecting a 
terminal of an external power source to the blade such 
that another terminal of the external power source is 
prevented from contacting the blade by the shaped means. 

41. The system according to Claim 40 f wherein the 
blade is configured mechanically^ to operate. a lock. 

42. The system according to Claim 41, wherein one 
of the IR devices is arranged on each side of the blade. 

43. The system according to Claim 41, wherein IR 
devices are arranged on one side of the blade. 

44. The system according to Claim 41, wherein the 
electronics on the handle of the key includes an 
insulating printed circuit board which extends beyond the 

i 

housing to electrically insulate the positive contact 
from the blade. 

45. The system according to Claim 41, wherein the 
blade is configured so as to require insertion into and 
removal from a keyway in a desired orientation. 

46. The system according to Claim 38, wherein the 
enclosure is a thin annular door handle rose having an 
aperture for a door handle. 
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47. The system according to claim 39, wherein the 
spaced contacts are leaf spring contact arms having U- 
shaped portions press-fitted into recessed in the 
cylinder, and an insulating rider pin is associated with 
one of the arms arranged to provide an electrical contact 
with the positive contact of the key, the rider pin 
extending into the keyway and preventing contact of the 
associated contact arm with the blade. 

48. An electronic key and lock system for a 
solenoid-operated cylinder, comprising: 

a key having a handle at one end and a 
blade constituting ah electrical contact at the other 
end, wherein electronics and associated is devices are 
arranged within a housing on the handle and a positive 
contact operatively connected with the electronics on the 
handle extends along and above a portion of the blade 
with an electrical insulation therebetween; 

a cylinder having a keyway configured to 
mate with the blade and positive contact and axially 
spaced contacts therein for contacting respectively the 
blade and positive contact of the key, wherein the 
cylinder has IS devices for communicating with the IS 
devices in the key; and 

an enclosure containing a power source and 
lock electronics adapted to be electrically connected 
with the spaced contacts of the cylinder and with the 
solenoid-operated cylinder. 
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49. The system according to Claim 48, wherein the 
blade is configured mechanically to operate a lock* 

50. The system according to Claim 48, wherein one 
of the IR devices is arranged on each side of the blade. 

51. The system according to Claim 48, wherein IR 
devices are arranged on one side of the blade. 

52. The system according to Claim 48, wherein the, 
housing is provided with shaped means for connecting a 
terminal . of an external power source to the blade .such 
that another terminal of the external power source is 
prevented from contacting the blade by the shaped means. 

53. The system according to Claim 48, wherein the 
electronics on the handle include an insulating printed 
circuit board which .extends from the housing between the 
positive contact and the blade. 

54. The system according to Claim 48, wherein the 
enclosure is a thin annular door handle rose having an 
aperture for a door handle. 
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55. An electronic key and lock system for a 
solenoid-operated cylinder, comprising: 

a key having a handle at one end and a 
blade constituting an electrical contact at the other 
end, wherein electronics and associated IR devices are 
arranged within a housing on the handle and a positive 
contact operatively connected with the electronics on the 
handle extends along a portion of the blade with 
electrical insulation therebetween; 

a cylinder body containing a solenoid 
housing and a cylinder plug with a keyway extending 
axially therethrough rotatably arranged within the 
solenoid housing, wherein the solenoid housing has 
stationary contacts at axially spaced positions and the 
cylinder plug has movable contacts in operative 
electrical relationship with the stationary contacts, and 
further the solenoid housing having a solenoid with a cam 
locator at the free end of the pin normally biased toward 
a rear portion of the solenoid housing in the absence in 
the cylinder plug of the key which has selectively 
programmed authorization for access to the system and IR 
devices operatively connected with the lock electronics 
and the solenoid for actuating the latter in response to 
the presence of the authorized key in the cylinder plug, 
and the cylinder plug has fixed thereto a cam so as to be 
engagable by the cam locator in a locked position in the 
absence of the authorized key in- the cylinder plug; and 
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an> enclosure containing a power source and 
lock electronics operatively connected with the 
stationary contacts, IR devices and with the solenoid for 
selectively opening and closing a lock. 

56. The system according to Claim 55, wherein means 
is provided to prevent rotation of the cylinder plug 
relative to the housing except by the authorized 
electronic key and removal of the authorized key except 
in a specific orientation thereof. 

57. The system according to Claim wherein the 
moving contacts are normally spring biased toward the 
keyway. 

58. The system according to Claim 57, wherein the 
stationary and movable contacts have complementary 
arcuate contact surfaces at an interface between the 
solenoid housing and the cylinder plug. 

59. The system according to Claim 58, wherein the 
cam locator has a central portion for retaining the cam 
in the locked position and two oppositely sloped surfaces 
on each side of the central portion for permitting the 
cam to be moved to the central portion against the biased 
pin and cam locator. 
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60. The system according to Claim 55, wherein the 
blade is configured mechanically to operate a lock. 

61. The system according to Claim 60, wherein IR 
devices are arranged on one side of the blade. 

62. The system according to Claim 61, wherein a 
recess is provided in the blade in operative relationship 
to the positive contact to preclude an electrical contact 
by a positive lock contact with the blade. 

63* The system according to Claim 62, wherein the 
electronics on the handle include an insulating printed 
circuit board which extends between the blade and the 
positive contact* 

64 ♦ The system according to Claim 55 , wherein the 
enclosure is a thin annular door handle rose having an 
aperture for a door handle. 

65. The key according to Claim 1, wherein a first 
protrusion extends laterally in one direction from the 
positive contact, and a second protrusion extends 
laterally in a second direction from the blade directly 
opposite the first protrusion. 
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66. An. electrical cylinder for an electronic key 
and lock system, comprising: 

a solenoid housing adapted to be arranged 
inside a cylinder body; 

a cylinder plug rotatably arranged within 
the solenoid housing and having a keyway extending 
axial ly therethrough with recesses arranged along each 
side of the keyway? 

stationary contacts arranged within the 
solenoid housing at directly opposite sides of the 
keyway ; 

movable contacts arranged directly 
opposite each other within the cylinder plug and in 
operative electrical relationship to the stationary 
contacts of the cylinder plug; 

a solenoid in the solenoid housing; the 
solenoid having a pin with a cam locator normally biased 
toward a rear portion of the solenoid housing in the 
absence of an authorized electronic key in the cylinder 
plug; 

a cam fixed at the cylinder plug so as to 
be engaged by the cam locator in a locked position in the 
absence of the authorized electronic key in the cylinder 
plug; and 

IR devices operatively connected with the 
lock electronics and the solenoid for actuating the 
latter in response to the isnertion of the authorized 
electronic key in the cylinder plug. 
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67. An electronic key and lock system for a 
solenoid-operated cylinder, comprising: 

a key having a handle at one end and a 
blade constituting an electrical contact at the other 
end, wherein electronics and associated IJR devices are 
arranged within a housing on the handle and a positive 
contact operatively connected with the electronics on the 
handle extends along a portion of the blade with 
electrical insulation therebetween, and a first 
protrusion extends from the positive contact and a second 
protrusion extends from the blade; 

a cylinder body containing a solenoid 
housing and a cylinder plug with a keyway and recesses 
arranged laterally thereof for accommodating the first 
and second protrusions on the plug extending axially 
therethrough rotatably arranged within the solenoid 
housing, wherein the solenoid housing has oppositely 
disposed stationary contacts and the cylinder plug has 
oppositely disposed movable contacts in operative 
electrical relationship with the stationary contacts, and 
further the solenoid housing having a solenoid with a cam 
locator at the free end of the pin normally biased toward 
a rear portion of the solenoid housing in the absence in 
the cylinder plug of the key which has selectively 
programmed authorization for access to the system and 1R 
devices operatively connected with the lock electronics 
and the solenoid for actuating the latter in response to 
the presence of the authorized key in the cylinder plug, 
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and the cylinder plug has fixed thereto a can so as to be 
engagable by the cam locator in a locked position in the 
absence of the authorized key in the cylinder plug; and 
an enclosure containing a power source and 
lock electronics operatively connected with the 
stationary contacts, IR devices and with the solenoid for 
selectively opening and closing a lock. 
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